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SUBJECT: Transistor Failure in Environmental DATE: January 5, 1968 
Control Unit - Case 3 2 0  

FROM: C. M. Klingman 
d C. H. Zierdt , Jr. (BTL- 
m 

ABSTRACT 

*? 
n This memorandum documents the analysis of the 2~2891 tran- \ 

sistor failure in the Environmental Control Unit(ECU) in the TV-2 
spacecraft. The results of the first part of this analysis were 
presented to Dr. G. Low at Manned Spacecraft Center (MSC) on 
September 29, 1967. No conclusive evidence of the cause of 
failure has been established. One of the problems in trying to 
establish the cause of failure was the lack of historical test 
data on the individual 2N2891 failed transistor. The lack of 
historical test data was also one of the major problems in 
assessing the probability of the 2N289l transistor performing 
satisfactorily in spacecraft 017. 

As a result of the complete analysis, the following 
general comments can be made with respect to the circuit design: 

1. The poor thermal environment of the 2~2891 
transistor in the ECU module of the type 
used in spacecraft 017 increases the hazard of 
failure from either surface-degradation or elec- 
trical-overstress conditions. 

2. System and component testing procedures should be 
carefully reviewed to reduce the hazard of damage 
to internal parts through excessive stress application. 

It is the authors' understanding that present plans 
call for utilizing a 2N4300 transistor in future applications. 
The results of the analysis discussed in this report should be 
of value in evaluating the new design. 
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* MEMORANDUM FOR FILE 

I 
T h i s  memorandum documents t h e  a n a l y s i s  o f  t h e  F a i r c h i l d  

2N289'l t r a  s i s t o r  f a i l u r e  i n  t h e  Env i ronmen ta l  C o n t r o l  Un i t  ( E C U )  
i n  t h e  TV- s p a c e c r a f t .  Dr. G .  Low r e q u e s t e d  t h a t  Bellcomm p e r -  
form t h i s  f ndependent  a n a l y s i s  and r e s u l t s  were r e p , n r t e d  t o  h i m  
i n  a n  o r a l  p r e s e n t a t i o n  a t  Manned S p a c e c r a f t  C e n t e r  (MSC) on 
September  2 9 ,  1 9 6 7 . %  I n  r e sponse  t o  Dr. Low's q u e s t i o n s ,  i t  
was s t a t e d  t h a t  as a r e s u l t  of o u r  a n a l y s i s ,  we b e l i e v e d  t h e  
2 ~ 2 8 9 1  t r a n s i s t o r , i f  p r o p e r l y  s c r e e n e d ,  was a d e q u a t e  f o r  t h e  
c i r c u i t  a p p l i c a t i o n  i n  which i t  was b e i n g  u s e d ,  and t h a t  w e  c o u l d  
p r o v i d e  a s p e c i f i c a t i o n  f o r  s c r e e n i n g  t h i s  d e v i c e  f o r  t h i s  
a p p l i c a t i o n .  % *  

I 

On September  29,  D r .  Low asked  Bellcomm t o  c o n t i n u e  . 
i n v e s t i g a t i o n  i n t o  t h e  c a u s e  o f  t h i s  f a i l u r e  t o  t h e  e x t e n t  o f  p e r -  
fo rming  t h e  t e s t s  on t h e  c lamping  d i o d e  ( a  1 N 4 1 8 )  which we i d e z t i -  
f i e d  as n o t  h a v i n g  b e e n  completed as o f  t h a t  d a t e .  Nor th  American 
Rockwell  and AiResearch  have now comple ted  t h e s e  t e s t s  and an 
a d d i t i o n a l  t e s t  o f  t h e  t r a n s i s t o r  c a s e  t e m p e r a t u r e  and t h e  r e s u l t s  
are i n c o r p o r a t e d  i n  t h i s  memorandum. 

ANALYSIS 

The c i r c u i t  c o n f i g u r a t i o n ' i n  which t h e  2N2891 t r a n s i s t o r  
f a i l e d  i s  shown i n  F i g u r e  1. I n  p e r f o r m i n g  t h e  a n a l y s i s  o f  t h e  
2 ~ 2 8 9 1  f a i l u r e  t h e  f o l l o w i n g  da t a  were c o n s i d e r e d :  d a t a  a v a i l a b l e  
from l i f e  t e s t s  on t h i s  t y p e  o f  t r a n s i s t o r  c h i p ;  da t a  t a k e n  on 
t h e  c i r c u i t r y ,  a p p l i c a t i o n ,  and env i ronmen t ;  and sys t em da ta  re- 
c o r d e d  d u r i n g  t h e  t ime  of  f a i l u r e .  All are d i s c u s s e d  s e p a r a t e l y  
i n  t h e  f o l l o w i n g  p a r a g r a p h s  w i t h  a s s o c i a t e d  c o n c l u s i o n s  based  
on e a c h  s e t  of  da ta .  The a s ses smen t  o f  t h e  c i r c u i t  u sed  i n  
S p a c e c r a f t  017 f o l l o w s  t h e  d i s c u s s i o n s  o f  t h i s  da t a .  

*"Minutes of  Meet ing  between Bellcomm, MASA, N A A  and Boeing ,  
September  2 9 ,  1 9 6 7 ,  t o  d i s c u s s  2 ~ 2 8 9 1  t r a n s i s t o r ,  Manned S p a c e c r a f t  
C e n t e r ,  Hous ton ,  Texas 

*%Such s p e c i f i c a t i o n  was d e l i v e r e d  t o  MSC on Oc tobe r  6 ,  1 9 6 7 .  
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i 
Data on the Failed Transistor 

The transistor had been mounted and cross-sectioned at 
Fairchild. A plane-view photograph showed a dark area on one end 
emitter stripe, not particularly significant of itself, but im- 
portant because it was found to register exactly with a disturbed 
area in the silicon-aluminum interface on the transistor cross 
section taken at a right angle through this dark area. When 
viewing the cross section of this disturbed area, three signif- 
icant spots were observed: 

1. Two bubbles in the aluminum, with corresponding 
craters in the silicon, indicating substantial 
alloying. 

2. A "pocket", in the silicon, displaying a burned 
appearance and apparently lined with burned 
aluminum. 

3. A "pocket", in the silicon, apparently lined with 
a continuous coating of molten-solidified aluminum. 

Electrical testing before sectioning showed 4.0 mA-40 V 
and CEs leakage, high E-B leakage, and no transistor action 'EO 

at collector currents below 10-mA--typical of seriously-degraded 
E-B and C-B junctions. 

Tests by Bell Telephone Laboratories have established 
that the 2N2891.transistor chip (in 2N2893 housing) withstands, 
with either a positive base drive or resistive E-B connection, 
current voltage levels in the "safe operating area" per Fairchild 
data sheets without second breakdown or other damage, in 15 
samples tested. Although the failed device could have been a low- 
strength "freak" in t-his respect, excessive voltage-current from 
the circuit could also have caused the failure. A post-mortem 
examination of a device can not distinguish between these two 
causes. 

Conclusion: Device was damaged by localized high current concen- 
tration--typical of second breakdown failure. 

Data From Life-Test Reports ' 1  
Motorola Failure Analysis and Corrective Action Report 

No. 1040-3 (referring to Failure Analysis Reports 3014/515/1040-1 
and -2) and AC Electronics TR-245-1 cited maximum-power life 
and/or screening tests in which significant numbers of Fairchild 
2N289l transistors had failed, primarily because of high collector 
emitter leakage current which was attributed to "channel" forma- . 

tion and/or surface leakage. 

i 
i The majority of the failures reported were so classified 

t at leakage currents of 50 o r  100pA at 60 V CEO;  four devices of 

i 
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a p p r o x i m a t e l y  1 0 0  t e s t e d  had leakage c u r r e n t s  n e a r  t h e  4 m A  v a l u e  
which would c o n s t i t u t e  a f a i l u r e  i n  t h e  ECU s o l e n o i d - s y r i t c h i n g  
a D l i c a t i o n .  -h igh- leakage  f a i l u r e s  were o b s e r v e d  b e f o r e  
5 8 ' h o u r s  o f  li!: a t  maximam-rated power.  

A c c e l e r a t e d  l i f e  t e s t i n g  o f  2N2893 t r a n s i s t o r s  by 
B e l l  Telephone L a b o r a t o r i e s ,  Al len town,  P a .  , ( i n  1965  and 1 9 6 6 )  
show e d : 

1. No f a i l u r e s  i n  30 d e v i c e s  i n  11 ,000  h o u r s  
a t  TA=200°C, VCB = 1 0  Vdc, VEB = 3Vdc; a 
t e m p e r a t u r e  a c c e l e r a t i o n  of t h e  " o f f "  con- 

: d i t i o n  i n  t h e  ECU a p p l i c a t i o n .  

2 .  Some e a r l y  "freak" f a i l u r e s  i n  power-aging a t  
a v e r a g e  j u n c t i o n  t e m p e r a t u r e s  n e a r  275' a n d  
3 O O 0 C ,  w i t h  r e l a t i v e l y - l o n g  median l i f e  f o r  
t h e  c e n t r a l  p o p u l a t i o n  ( t e s t s  c o n t i n u e d  t o  
4000-5000 h o u r s ) .  S i g n i f i c a n t  f a i l u r e s  were 
i n  h i g h - l e a k a g e - c u r r e n t  mode--magnitude o f  
1.eakage c u r r e n t  which c o n s t i t u t e d  a f a i l u r e  
was 100vADC. 

F a i r c h i l d  s t a t e d  t h a t  t h e  same t r a n s i s t o r  c h i p  was 
u s e d  i n  2N2891 and  2N2893 t r a n s i s t o r s ,  a l t h o u g h  t h e y  d i f f e r e d  
i n  e x t e r n a l  h o u s i n g s .  

C o n c l u s i o n :  
c u r r e n t  mode, b u t  r e m a i n i n g  d e v i c e s  are r e l a t i v e l y  strong. The 
d e v i c e s  are n o t  s e n s i t i v e  to s i m u l t a n e o u s  r e v e r s e - b i a s  on  b o t h  
j u n c t i o n s  a t  h i g h  t e m p e r a t u r e .  None of  t h e  f a i l u r e s  r e p o r t e d  
a p p e a r e d  t o  be o f  t h e  nature o f  t h a t  s e e n  i n  t h e  E C U  module 
(second-breakdown f a i l u r e ) .  

Some F a i r c h i l d  2N2893 d e v i c e s  f a i l  i n  high-leakage- 

Data from C i r c u i t  

Upon e x a m i n a t i o n  of t h e  c i r c u i t ,  i t  appea red  t h a t  any 
o f  t h e  f o l l o w i n g  c i r c u i t  f a u l t s  c o u l d  have c a u s e d  t h e  o b s e r v e d  
t y p e  o f  t r a n s i s t o r  f a i l u r e  : 

1. Open or S h o r t - c i r c u i t e d  Clamp Diode C i r c u i t  

. An open d i o d e  c i r c u i t  would a l l o w  t h e  i n d u c t i v e  
"k ick"  f rom t h e  s o l e n o i d  c o i l ,  a t  t u r n - o f f ,  t o  b e  
a p p l i e d  t o  t h e  t r a n s i s t o r .  T h i s  k i c k  would a p p l y  
s u f f i c i e n t  ene rgy  and v o l t a g e  t o  c a u s e  r e v e r s e  
second  breakdown. A s h o r t e d  d i o d e  would a p p l y  Vcc 

I 
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d i r e c t l y  t o  t h e  2 N 2 8 9 1  c o l l e c t o r ,  w i t h  o n l y  
power s u p p l y  r e s i s t a n c e  l i m i t i n g  c o l l e c t o r  c u r -  
r en t ;  t h e  r e s u l t i n g  c u r r e n t  was e s t i m a t e d  t o  b e  
s u f f i c i e n t  t o  c a u s e  fo rward  second breakdown. 

The clamp d i o d e  a s s o c i a t e d  w i t h  t h e  f a i l e d  t r a n s i s -  
t o r  was removed from t h e  f a i l e d  module* by 
AiResearch  p e r s o n n e l  ( a f t e r  a c o n s i d e r a b l e  p e r i o d  
of 
of 

a. 

**b. 

**C.  

**d. 

f a i l u r e - f r e e  t e s t i n g  sub s e q u e n t  t o  r e p l a c e m e n t  
t h e  f a i l e d  t r a n s i s t o r )  and examined b y :  

Mic roscope ,  a f t e r  s c r a p i n g  o f f  o f  p a i n t  
c o a t i n g .  No e v i d e n c e  o f  s h o r t - c i r c u i t i n g  
( d e f e c t i v e  assembly or l o o s e  p a r t i c l e ( s ) )  
was s e e n ;  r e s i n  c o a t i n g  o f  j u n c t i o n  area 
was v i s i b l e .  

Moni tored  shock t e s t :  3 blows each  
1500 g-1/2ms, 3 d i r e c t i o n s  (3 i = lma. 
No l lopenf t  i n d i c a t i o n .  f 

Tempera ture  c y c l i n g  t e s t :  -65Oc t o  2 O O 0 C ,  
50 h o u r s ,  1 c y c l e / h o u r ,  I, = l m a .  No "cpen" 

J. r e c o r d e d .  

Mic roscope ,  a f t e r  d i s s e c t i n g  d i o d e .  No e v i -  
dence o f  a r c i n g  a c r o s s  i n t e r m i t t e n t  open.  

Conc lus ion  : No e v i d e n c e  o f  c l a m p - d i o d e - c i r c u i t  
f a i l u r e .  

2 .  P a r t i a l  L o s s  o f  Base-Drive t o  2N2891  

P a r t i a l  loss of  b a s e - d r i v e  c o u l d  p l a c e  t h e  2N2891 
i n  a h i g h - p o w e r - d i s s i p a t i n g  l i n e a r - o p e r a t i n g  mode, 
a t  a maximum power l e v e l  n e a r  2 watts under  wors t -  
case c o n d i t i o n s .  T h i s  c o n d i t i o n  c o u l d  c a u s e  second-  
breakdown f a i l u r e  by t h e r m a l  runaway if t h e  d e v i c e  
i s  n o t  s u f f i c i e n t l y  c o o l e d  ( see  s e c t i o n  below t i t l e d  
"Data from Environment") .  

Conc lus ion :  From e x a m i n a t i o n  o f  t h e  t r i g g e r - t y p e  base- # 

d r i v i n g  c i r c u i t  u sed ,  and t h e  s a t i s f a c t o r y  o p e r a t i o n  of 
t h e  s o l e n o i d  c i r c u i t  a f t e r  r e p l a c e m e n t  o f  t h e  f a i l e d  
t r a n s i s t o r ,  it i s  u n l i k e l y  t h a t  t h e  r e q u i s i t e  i n t e r -  
med ia t e -base -d r ive  c o n d i t i o n  would o c c u r  d u r i n g  o p e r a -  
t i o n  o f  t h e  sys tem.  

"Welded c o n n e c t i o n s  were examined and  found t o  be  sound.  

*%Tests  pe r fo rmed  b y  A u t o n e t i c s  s u b s e q u e n t  t o  i n i t i a l  i n -  
v e s t i g a t i o n  9 /26  t h r u  2 9 .  
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3. Slow Clamping 

If t h e  clamp c i r c u i t  on t h e  s o l e n o i d  wind ing  d i d  
not become e f f e c t i v e  v e r y  q u i c k l y ,  t h e  i n d u c t i v e  
" k i c k "  f rom c i r c u i t  t u r n - o f f  c o u l d  damage t h e  
t r a n s i s t o r  by r e v e r s e  second-breakdown. Measure- 
ments  on e i g h t  s i m u l a t e d  s o l e n o i d - t r a n s i s t o r  c i r -  
c lu i t s  a n d ' o n  t h e  a c t u a l  f a i l e d  c i r c u i t  ( a f t e r  
q e p l a c e n e n t  o f  t h e  f a i l e d  t r a n s i s t o r )  showed a maxi- 
mum 3-"olt  VCE rise (above  V 

1 d e l a y  p e r i o d .  When t h e  2N2891 t r a n s i s t o r  was f o r c e d  
' /o f f ' '  more r a p i d l y  by n e g a t i v e  b a s e  d r i v e  (to 0 . 2 ~  
$ e c  t u r n - o f f  t i m e ,  l e s s  t h a n  t h a t  o f  t h e  f a s t e s t  
t r a n s i s t o r  o b s e r v e d  by F a i r c h i l d  i n  a p r o d u c t i o n  

ample ,  unde r  r e s i s t a n c e - r e t u r n  base c o n d i t i o n ) ,  a 
aximum l 3 - v o l t  VCE r i s e  (above V ) was o b s e r v e d .  

No measurab le  v o l t a g e  " s p i k e "  o c c u r r e d  d u r i n g  clamp- 
' c i r c u i t  c u r r e n t  decay.  These v o l t a g e s  ( V  p l u s  
i n d u c t i v e  " k i c k s "  o f  1 3  v o l t s )  would n o t  r e p r e s e n t  
a hazard t o  "0. normal 2~2891 t r a n s i s t o r .  

) d u r i n g  t h e  c lamping  c c  

I 
I 
I 

1 c c  

c c  

Conc lus ion :  Slow clamping i s  n o t  a l i k e l y  c a u s e  
I f o r  t r a n s i s t o r  f a i l u r e  i n  t h i s  c i r c u i t .  

Data 3rom A p p l i c a t i o n  

A p p l i c a t i o n - r e l a t e d  h a z a r d s  would i n c l u d e  a p p l i c a -  
t i o n  o f  e x c e s s i v e  v o l t a g e  ( n o t  s u f f i c e n t l y  c u r r e n t  l i m i t e d )  t o  
t h e  b a s e  and c o l l e c t o r  by means o f  t h e  t e r m i n a l s  which a re  a v a i l -  
able  a t  a w i r i n g  p l u g ,  or s u p p l y i n g  i n s u f f i c i e n t  b a s e  d r i v e  
d u r i n g  t e s t i n g  o f  t h e  module when d i s c o n n e c t e d  from i t s  s y s t e m  
d r i v e  s o u r c e .  P e r s o n n e l  p a r t i c i p a t i n g  -in t e s t i n g  o f  t h e  f a i l e d  
module s t a t e d  t h a t  w i r i n g  was n o t  d i s t u r b e d  d u r i n g  t h e  p e r i o d  o f  
f a i l u r e  a l t h o u g h  a l o s s  o f  vacuum d.id o c c u r  ( s e e  s e c t i o n  below 
t i t l e d  "System Data Taken During T ime  o f  F a i l u r e " ) ,  c a u s i n g  an 
i n t e r r u p t i o n  i n  sys t em t e s t i n g .  

C o n c l u s i o n :  No f i r m  e v i d e n c e  o f  a t e s t i n g - p r o c e d u r e  h a z a r d  was 
found .  T h i s  p o s s i b i l i t y  i s  d i f f i c u l t  t o  t r a c e  u n l e s s  t h e  t e s t  
i s  c o m p l e t e l y  m o n i t o r e d  and r e c o r d e d .  

Data f rom Environment  
I 

Envi ronmen ta l  h a z a r d s  would i n c l u d e  temporary  f a u l t s  
i n  a s s o c i a t e d  c i r c u i t r y  and e x c e s s i v e  t e m p e r a t u r e  r i s e  o f  t h e  
2N2891. 
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The f a i l e d  module had been  v i b r a t e d  whi le  o p e r a t i - n g ,  
w i t h o u t  any i n d i c a t i o n  o f  f a i l u r e ,  p r i o r  t o  t h e  f a i l u r e  o b s e r v a -  
t i o n .  

Although the  a c t u a l  j u n c t i o n  t e m p e r a t u r e  had n o t  been  
measured  by Nor th  American Rockwell a t  t h e  t i m e  o f  t h i s  i n v e s t i -  
g a t i o n ,  i t  was r e p o r t e d  that t h e  p o t t i n g  s u r r o u n d i n g  t h e  d e v i c e  
had  a thermal  c o n d u c t i v i t y  e q u i v a l e n t  t o  t h a t  o b t a i n e d  b y  a d d i n g  
an  a p p r o x i m a t e l y  0 . 5  i n .  d i a .  x 0 . 2 5  i n .  high clam-p-on h e a t  s i n k  to 
t h e  2N2891; a rough c a l c u l a t i o n  t h e n  y i e l d s  thermal  r e s i s t a n c e  
n e a r  O.lloc/mw. Hence a t  100°C ambien t ,  t h e  d e v i c e  would n o t  
be  e x p e c t e d  t o  go i n t o  second-breakdown due to t h e r m a l  runaway. 
However, t h e  a c t u a l  j u n c t i o n  t e m p e r a t u r e  would have  t o  be  measured  
to i n s u r e  t h i s  f a c t .  

Nor th  American Rockwell  has s u b s e q u e n t l y  measured  t h e  
j u n c t i o n - t e m p e r a t u r e  r i s e  o f  t h e  t r a n s i s t o r  as 1 5 . 3 O C ,  a f t e r  
1 / 2  h o u r  o f  normal  "on" o p e r a t i o n  a t  125OC ambien t .  From an  
approx ima te  IC = 1 8 0 m ~ ,  and VCE ( s a t )  = 0.1V f o r  a s a t u r a t e d  
o p e r a t i n g  c o n d i t i o n ,  t h i s  c a l c u l a t e s  t o  a thermal  r e s i s t a n c e  
of 0.85Oc/rnw, which  i s  nearly 8 t i m e s  t h a t  p r e v i o u s l y  assumed. 
F o r  t h i s  v a l u e  o f  thermal  r e s i s t a n c e ,  d i s s i p a t i o n  o f  4 1 0  mw 
s h o u l d  m e l t  t h e  j u f i c t i o n  a r e a  o f  a 2N2891 t r a n s i s t o r ,  and 350 mw 
would r e p r e s e n t  ex t r eme ly -haza rdous  o p e r a t i o n .  No da ta  which 
i n d i c a t e d  t h e  p r o b a b i l i t y  o f  e x c e s s i v e  t r a n s i s t o r  t e m p e r a t u r e  r i s e  
were a v a i l a b l e .  

C o n c l u s i o n s :  The  p r o b a b i l i t y  o f  a s t a t i c - c o n d i t i o n  f a i l u r e  f rom 
t empora ry  f a u l t s .  i n  a s s o c i a t e d  c i r c u i t r y ,  a f t e r  n o - f a i l u r e  d u r i n g  
v i b r a t i o n ,  i s  q u i t e  small. 

The p r o b a b i l i t y  of e x c e s s i v e  t e m p e r a t u r e  r i s e  o f  t h e  
t r a n s i s t o r  c o u l d  not; be  e v a l u a t e d  f rom t h e  d a t a  a t  hand .  

* 

System Data Taken Dur ing  Time o f  F a i l u r e  

It was s t a t e d  t ha t  f a i l u r e  o f  t h e  t e s t  module o c c u r r e d  
s l o w l y ,  i n  t h a t  a d i g i t a l  v o l t m e t e r  c o n n e c t e d  a c r o s s  t h e  s o l e n o i d  
c o i l  (which  u s u a l l y  r e a d  n e a r  z e r o ,  w i t h  a n  u p p e r  a l l o w a b l e  l i m i t  
o f  0 . 1  v o l t )  was n o t e d  as showing a 0 . 2  v o l t  r e a d i n g  a f t e r  a 
p e r i o d  o f  ECS o p e r a t i o n ,  and was n o t e d  as showing a h i g h  v o l t a g e  
r e a d i n g  ( 2  v o l t s )  a f t e r  a coo l ing - sys t em f a i l u r e  was o b s e r v e d ;  
t h i s  v o l t a g e  v a l u e  i n d i c a t e d  a s o l e n o i d  c u r r e n t  h i g h  enough t o  
p r e v e n t  c l o s i n g  o f  t h e  s o l e n o i d - a c t u a t e d  water v a l v e  i n  r e s p o n s e  
t o  t h e  " t u r n - o f f "  s i g n a l .  

I 
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Such an i n c r e a s e  i n  t r a n s i s t o r  leakage c u r r e n t  c o u l d  
a r i s e  from 1) p r o g r e s s i v e  d e g r a d a t i o n  c a u s e d  b y  r e p e a t e d  b r i e f  
e x c u r s i o n s  i n t o  second  breakdown, 2 )  thermal  runaway c a u s e d  b y  
p r o g r e s s i v e  h e a t i n g  d u r i n g  s u c c e s s i v e  o p e r a t i n g  c y c l e s ,  3 )  
s u r f a c e  d e g r a d a t i o n  p r o c e s s e s  ( a c c e l e r a t e d  b y  h i g h  t e m p e r a t u r e s  
and b y  v o l t a g e  b l o c k i n g  i n  t h e  o f f  s t a t e ) ,  c a p a b l e  o f  c a u s i n g  
thermal runaway i f  b a d  enough, or 4 )  o v e r h e a t i n g  o f  t he  t r a n s i s t o r  
d u r i n g  t e s t ' i n g  o f  t h e  module,  b e c a u s e  of  i n s u f f i c i e n t  a p p l i e d  
base d r i v e .  Among t h e  most p r o b a b l e  c a u s e s ,  t h e  t h i r d  h y p o t h e s i s  
seems l e a s t  p r o b a b l e ,  i n  v i e w  o f  t h e  2x2891 l i f e - t e s t  da ta  which 
show maller d e g r e e s  of d e g r a d a t i o n ,  o c c u r r i n g  o v e r  l o n g e r  p e r i o d s  

, t h a n  would p roduce  t h e  t y p e  o f  t r a n s i s t o r  f a i l u r e  ob- o f  serveld.  t i k e  I I 

k 
I 
I 

he  e v i d e n c e  of g r a d u a l  d e g r a d a t i o n  o f  t h e  c o l l e c t o r  
c u t o f f  curl e n t  d e s c r i b e d  above was to some e x t e n t  compromised by 
data  o b t a i h e d  d u r i n g  t h e  E C U  Design Review h e l d  a t  AiResearch on 
O c t o b e r  1 6  t h r u  1 8 ,  1967. A t  t h i s  r ev iew a s t r i p - c h a r t  r e c o r d i n g  
t a k e n  d u r i n g  27-2  t e s t i n g ,  which m o n i t o r s  t h e  v o l t a g e  a c r o s s  t h e  
s o l e n o i d  i n  a d d i t i o n  t o  o t h e r  v a r i a b l e s ,  was made a v a i l a b l e  f o r  
the f i r s t  t i m e  a n 2  was examined.  From t h i s  r e c o r d  i t  can  b e  
e s t a b l i s h e d  t h a t  t h e  s o l e n o i d  was o p e r a t i n g  p r o p e r l y  j u s t  p r i o r  t o  
a t e s t  i n t e r r u p t i o n  which was due to l o s s  o f  vacuum. No i n d i c a t i o n  
of  t h e  d u r a t i o n  o f  t h i s  i n t e r r u p t i o n  was a , v a i l a b l e .  Immediately 
upon r e s u m p t i o n  o f  t h e  t e s t ,  t h e  r e c o r d i n g  shows imprope r  s o l e n o i d  
b e h a v i o r  c o r r e s p o n d i n g  t o  a h i g h  l e a k a g e  c u r r e n t  t h r o u g h  t h e  
2 N2 891 t r a n s i  s t or. 

T h i s  e v i d e n c e  i s  s u g g e s t i v e  o f  a n  e x t e r n a l l y - i n d u c e d  
f a i l u r e  r a t h e r  t h a n  a g r a d u a l  d e g r a d a t i o n  o f  t h e  t r a n s i s t o r ,  
p a r t i c u l a r l y  s i n c e  AiResearch advrises t h a t  t h e r e  have  been  a num- 
b e r  o f  e a r l i e r  c a s e s  o f  e x t e r n a l l y - i n d u c e d  f a i l u r e s  o f  t h e  
2N2891 t r a n s i s t o r  i n  t h i s  module. 

C o n c l u s i o n :  We do n o t  know e x a c t l y  why t h e  f a i l e d  t r a n s i s t o r  
a p p a r e n t l y  deg raded  s l o w l y  i n i t i a l l y ,  and ended up i n  a semi- 
s h o r t e d  c o n d i t i o n  which a p p e a r s  t o  b e  a r e s u l t  o f  s econd  break- 
down or o t h e r  o v e r s t r e s s - i n d u c e d  c o n d i t i o n .  I n  view o f  a l l  t h e  
e v i d e n c e  a v a i l a b l e ,  i t  i s  c o n s i d e r e d  h i g h l y  p r o b a b l e  t h a t  t h e  o v e r -  
s t ress  o c c u r r e d  d u r i n g  t h e  t e s t i n g  o f  t h e  module r a t h e r  t h a n  d u r i n g  
s y s t e m  o p e r a t i o n .  The p r o b a b i l i t y  o f  s u c h  damage i s  c o n s i d e r a b l y  
i n c r e a s e d  b y  t h e  r e l a t i v e l y - p o o r  c o o l i n g  o f  t h e  t r a n s i s t o r  as i t  
i s  embedded i n  t h i s  module.  
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ASSESSMENT OF CIRCUIT USED I N  SPACECRAFT 0 1 7  

U n f o r t u n a t e l y ,  t he  e x a c t  c a u s e  o f  t h e  2N2891  t r a n s i s -  
t o r  f a i l u r e  i n  TV-2 was n o t  de t e rmined  from t h i s  a n a l y s i s .  Hence, 
i t  was i m p o s s i b l e  t o  p r e d i c t  w i t h  any degree of c o n f i d e n c e  whether 
t h e  E C U  i n  s p a c e c r a f t  0 1 7  was p r o n e  t o  f a i l  due to t h e  same c a u s e .  
However, t h e  f o l l o w i n g  comments c o u l d  be  made w i t h  r e s p e c t  t o  t h e  
c i r c u i t  i n  s p a c e c r a f t  0 1 7 ,  p r i o r  t o  i t s  s u c c e s s f u l  p e r f o r m a n c e :  

1. On t h e  bas i s  o f  t h i s  a n a l y s i s  and a r e a d i n g  o f  
I o f  t h e  2N2891 t r a n s i s t o r  i n  t h e  s p a c e c r a f t  

017 c i r c u i t ,  t h e r e  was some c o n f i d e n c e  t h a t  t h e  
d e v i c e  would n o t  f a i l  due t o  s u r f a c e  d e g r a d a t i o n  
e f f e c t s .  

CER 

2 .  Because t h e  2N2891 t r a n s i s t o r s  were p u r c h a s e d  as 
commerc ia l  p a r t s  from a d i s t r i b u t o r  w i t h o u t  any 
a c c e p t a n c e  t e s t s  conducted  p r i o r  to i n s e r t i o n  
i n t o  t h e  E C U  c i r c u i t ,  t h e r e  was no  way o f  knowing 
i f  t h e  t r a n s i s t o r  i n  s p a c e c r a f t  017 was r e p r e s e n t a -  
t i v e  o f  t h e  no rma l  p o p u l a t i o n  o f  s u c h  d e v i c e s .  With- 
o u t  such  knowledge,  e s t i m a t i o n  o f  i n d i v i d u a l  component 
r e l i a b i l i t y  i s  i m p o s s i b l e .  

A s  a r e s u l t  o f  o u r  e n t i r e  a n a l y s i s ,  comments c a n  be 
made w i t h  r e s p e c t  t o  t h e  d e s i g n ,  i n  g e n e r a l :  

1. The r e l a t i v e l y - p o o r  thermal  env i ronmen t  o f  t h e  
2 ~ 2 8 9 1  t r a n s i s t o r  i n  t h e  E C U  module i n c r e a s e s  
t h e  h a z a r d  o f  f a i l u r e  from e i t h e r  s u r f a c e - d e g r a -  
d a t i o n  or e l e c t r i c a l - o v e r s t r e s s  c o n d i t i o n s .  The 
f a c t  t h a t  t h e  thermal envi ronment  was g r o s s l y  m i s -  
j udged ,  and t h a t  t h e  t r a n s i s t o r - o p e r a t i n g  tempera-  
t u r e  had n o t  been  measured ,  is i n d i c a t i v e  of l a c k  
o f  a t t e n t i 0 6  t o  t h e  thermal  c o n s i d e r a t i o n s  which 
are  known to b e  e x t r e m e l y  c r i t i c a l  i n  s emiconduc to r -  
d e v i c e  a p p l i c a t i o n s .  Thermal a n a l y s i s  s h o u l d  be 
r o u t i n e .  

2 .  Sys tem and  component t e s t i n g  p r o c e d u r e s  s h o u l d  be  
c a r e f u l l y  r e v i e w e d ,  t o  r e d u c e  t h e  h a z a r d  o f  damage 
t o  i n t e r n a l  p a r t s  t h rough  e x c e s s i v e  s t ress  a p p l i c a -  
t i o n .  

C .  M .  Klingman 

CMK 1031-CHZ-bjh 

A t t a c h m e  n t 
F i g u r e  1 
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